THE subject of my discourse is the use of condenser discharges for the testing of nerve and mruscle, and I hope to show that the condenser method possesses advantages which are destined to render obsolete the present method of testing by induction coil and continuous current discharges. That method has been in vogue for more than forty years, for I find that in 1868 the phrase " reaction of degeneration " was used by Erb, to whom we owe the method of testing which we have relied upon up to the present time.
50 Jones: Use of Coondenser Discharges in Electrical Testing of a contraction is all that is looked for. There is no need to use one's judgment to help one to decide whether the contraction produced should le called sluggish or not sluggish, and this makes for simplicity.
The character of the wave of discharge of a condenser is well defined; it is determined by the resistance of the circuit through which the discharge takes place,' and by the capacity of the condenser. Its height, but not its duration, is determined by the potential to which the condenser is charged. When the charging potential is constant, and the resistance of the circuit is constant, the waves of discharge become longer as the capacity used becomes greater. Fig. 1 shows the discharge waves of four condensers whose capacities are as 1, 2, 3, 4, as they occur under the conditions of electrical testing of nerve and muscle. One can see that they differ only in their durations. This being so, we at once can recognize the possibility of using condensers for applying to a muscle a series of discharges alike in other respects but with durations which may range from the shortest possible to the longest, if only we can provide ourselves with a series of condensers having a sufficiently wide range of capacities; and if we keep our charging voltage constant, and the resistance of the patient remains constant, the discharges will be identical discharges in all other respects except that of length or duration.
It is easy to keep the charging voltage constant, and also easy to keep the resistance of the patient constant, because for these brief discharges there is no polarization, and the resistance of the body under the conditions of the case is singularly constant, being less than 1,000 ohms in the ordinary procedure of testing if the electrodes are kept in good contact and at uniform pressure. The question of the resistance of the body to momentary currents is a very interesting one, which has been well dealt with by Dubois, of Berne, and his conclusions, from which my figures are taken, may be accepted as being quite satisfactory. There is not now time to refer further to the investigations of Dubois on the resistance of the body to currents of short duration, but they may be found in a paper in the Annales d'Electrobiologie for March, 1899.
If we apply to a healthy muscle a series of discharges, using condensers of increasing capacity, the contractions all appear very much alike, except that the larger capacities produce stronger muscular contractions, but if we do the same to muscles which are more or less damaged we find that they do not respond to the smallest capacities, but that'they still respond to the larger capacities and the process of Electro-Therapeutical Section 61 testing with condensers therefore consists of ascertaining the magnitude of the least capacity which is required to produce a visible contraction in a given muscle. When a charging potential of 100 volts is used, the normal, or almost normal, muscles react with capacities between 0'01 and 008 micro-farad (hundredths of a micro-farad), the muscles with partial reaction of degeneration react between 01 and 0'8 (tenths of a micro-farad), and the muscles with complete and profound reaction of degeneration may require 1, 2, 3 micro-farads, or even more, before they respond.
Translated into length of waves, this means that a muscle responding first with a capacity of 1 micro-farad requires a wave one hundred times as long as that necessary to excite a normal muscle, which reacts to 0 01 of a micro-farad. By using a battery of condensers ranging from 0 01 to 2 micro-farads with ten intermediate steps of capacity, we are placed in the possession of a range of twelve different wave lengths, Discharge curves of condensers when their capacities are in the ratios of 1, 2, 3, 4, with constant voltage and constant resistance. and soon discover, on practical trial, that muscles occur which may require any one of these different lengths of wave for the production of their first visible contraction. We thus acquire a method which allows of the ready recognition of twelve different degrees of muscular excitability, instead of the three grades of " normal," partial R.D. (reaction of degeneration) and complete R.D., with which we have hitherto been satisfied. The These durations of discharge are approximate only, but serve to indicate the general order of the values. If these durations are compared with the wave lengths of induction coil discharges, one is struck by the fact that the small capacities, to which normal muscles readily respond, give waves which are much shorter in their duration than those of medical coils. The waves of most medical coils last about o-second, and even if the effective part of them is only half of this, say U second, that duration is still too great to reveal the slighter degrees of deviation from the normal, and as is doubtless apparent to all those who have thought about the subject, we reach the conclusion that muscles have been reported as normal during all these years of electrical testing, although they have, in many cases, been by no means normal, the reason being that we have been unable to appreciate their real condition, much less to express their abnormality in any numerical way.
The electrical testing we have been using, which I now propose to call the old way of testing, has been based upon the interrogation of the muscular contractility by applying to it the short waves of the induction coil and the long waves of the closure of the continuous current. We have not known the wave length of either, or at least we have made no attempt to control it, and our short waves have not been short enough, while our long waves have been too long. Minimum 
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This is a report of a condenser test of the leg and foot muscles of a patient with partial paralysis of one leg, due, probably, to a lesion of the grey matter of the lumbar enlargement. The old test showed complete R.D. in the anterior tibial group, poor normal responses in the peronei and the intrinsics of the foot, and partial R.D. in the calf muscles. It can be seen that the condenser test gives a much fuller account of the condition of his muscles, and one which can be drawn up in the form of a report expressed in simple numbers. The figures are given in fractions of a micro-farad and are also translated into figures of time in fractions of a second. Dr. Cumberbatch, who has helped me in my work with condenser testing, has promised to give other examples, at the end of my paper, of results obtained by him at St. Bartholomew's Hospital, and Dr. R. S. Woods, of the Electrical Department of the London Hospital, has also given me the most valuable help and, I hope, will also contribute to our collection of facts directly.
It would be easy to devote a considerable time to a discussion in detail of the various points of interest which one can see to be developing out of the study of the testing of muscles by condenser discharges, but I do not wish to encumber my subject, and on this occasion it Plan of Morse key for charging and discharging a condenser. is better, I think, that we should confine our attention to the mnost practical and fundamental points.
I have here an apparatus for testing by the new method. It consists of a box much like a battery box, with twelve studs, and containing twelve condensers of the capacities already mentioned, with a moving arm for bringing any one of them into action. The condensers are charged from the source and discharged through the patient by a Morse key, an instrument which makes two alternative contacts in turn, the one for the charge and the other for the discharge. The Morse key may be adapted to a testing handle or used as a metronome, or converted into a special revolving commutator, and I have here examples of each.
My own preference is for the metronome form, with wires dipping into mercury cups. When the contacts are kept clean it makes and breaks -the circuits very well, but care must be observed in its use, for the 53 54 Jones: Use of Condenser Discharges in Electrical Testing patient m-ay get a severe shock if the dipping-in wires are so long as, to connect both the end cups at one time, for then they form a bridge which can convey the full current of the charging source to the patient. This danger can be avoided by the observance of the rule of always making trial of the current on one's self before touching the patient.
The use of the metronome in all kinds of electrical testing is to be recommended. I have so used it for several years, and consider it more handy than an electrode fitted with a closing key on the handle; and the tick-tack of the metronome is useful as it gives an audible signal to the operator which tells him when the muscular contraction should appear, and also by the rhythmic sequence of the impulses one is enabled to distinguish muscular movements due to the testing current from any other accidental voluntary movements of the patient.
I should now like to explain my reasons for choosing the particular values of the condensers which make up the testing box. They are arbitrarily chosen, and it is possible that some day other values may be preferred, but in an investigation of this kind one has to begin by feeling one's way, for there are not many indications in the literature to guide one in the choice of the best values.
Mr. Leslie Miller has given me great help in the manufacture of the boxes, of which I have used several with different arrangements of condensers, and the figures placed before you represent my present views. as to what constitutes a suitable set. In the first place, I think that a range of twelve capacities is enough to begin with, and the chief question has been how best to distribute the values in a set of twelve, beginning with about 0 01 and ending with 2 micro-farads. So far most of the interesting differences which I have met with in the muscular responses come between '0 5 and 1 micro-farad.
In view of the difficulties of obtaining small capacities which are cheap and reliable, I have adopted a special plan of constructionnamely, that of arranging my capacities in series. There is a formula for the capacity of a number of capacities in series which is not difficult to utilize. It is this c-= 1 + 1 + Jc C being the capacity of the combined series, and C,, C., C3, &c., being the capacities of the components. Thus the capacity of two condensers. in series, when each is of 2 micro-farads, is 1 micro-farad, and my box is made up of the following units-viz., four of 2 micro-farads, two of 1 micro-farad, four of j micro-farad, and two of 2-lo micro-farad. These, in series, give the fractions contained in the box. Except for the smallest they are commercial sizes, they are uniform in capacity, neatly made, free from leakage, and in the series arrangement their individual errors tend to neutralize out. This is a valuable point. I think it so important that different investigators should have identical instruments that I favour this special method of construction. The manufacture of condensers, or rather the standardizing of them, is very difficult for such small sizes as 0'01 or 0'02 micro-farad, and these sizes are not made commercially as are the larger ones of i micro-farad and upwards. In my arrangement the smallest size used is 0 05 mnicro-farad, which can be made reasonably easily. The With 200 volts instead' of 100 the only change necessary in the construction of the testing-box would be the provision of one more condenser at the smallest end. On 240 volts a capacity of 0 005 gives the threshold of contraction, as I am informed by Professor Cluzet, who tells me he uses 240 volts in his condenser testing.
There are certain points to be considered in the special case of muscles showing a profound reaction of degeneration. 'Cluzet touches on this point, and tells us that there are some cases of this kind in which no response is produced even-by the largest capacities, although a response can be excited by the closure of a continuous current.
I have also found this to be the case and have tried to get over the difficulty, the essence of which is as follows: In extreme R.D. the excitability of the muscle has -fallen so much that the condenser discharge even of 2 micro-farads (f O second) is still too short to excite a contraction. With larger condensers one could get longer waves, but with 2 micro-farads at 100 volts the discharges are already disagreeably strong, and provoke much movement in neighbouring healthy muscles, which tends to obscure the clearness of the test. I therefore decided to seek a mneans of prolonging the duration of the disch&rge from the largest-sized condenser, without increasing the shock to the' surrounding healthy muscles, and the best way of doing this is by the introduction of a resistance in series with the patient. A very good way is as follows : Raise the charging voltage from 100 volts to 200, which is easy on most electric lighting systems. Introduce 55 56 Jones: Use of Condenser Discharges in Electrical Testing into the patient's circuit a resistance of several thousand ohmns and proceed as before. The initial shock is reduced by the added resistance, and the duration of the discharge is extended. Thus with 100 volts and 2 micro-farads, and the patient's resistance taken at 1,000 ohms, the duration will be 20l second, with 1,000 ohms added it will be -I second, and with 4,000 ohms added the duration will be five timnes as long as at first, or I second, but the initial value of the discharge will be proportionately reduced, because the charge in the condenser is obliged to escape more slowly. The effect upon healthy muscles will be much reduced, and the effect upon the R.D. muscles will be reduced to a less degree. By raising the voltage to 200 we keep our long waves and double their initial value, and in general will succeed by this way in provoking the looked-for contraction, even in very degenerate muscles.
This procedure is quite easy in practice, and Dr. Cumberbatch has, been testing its value upon some cases, and has some facts bearing on the mnatter which I hope he will contribute to the discussion directly-In some such way as this we may hope to overcome the difficulty of the non-response of very degenerate muscles to condenser discharges.
And now, gentlemen, I want you to understand that what I have been telling you to-night is not in any way my discovery. All I have done is to put before you, I hope in a simple and clear manner, the present position of condenser testing. The position is not one which has been rapidly attained, and many workers have contributed to its attainment. Only to mention a few, I would at least name to you Boudet de Paris (Paris, 1888), Hoorweg (Utrecht, 1899) , Dubois. (Berne), Zanietowski (Prague), Doumer (Lille), and Cluzet (Lyons).
Miuch of the early work with condensers dealt chiefly with the physiological and the mathematical aspect of the problem, and the papers, involving, as they do in some instances, a knowledge of differential equations, logarithms, and trigonometry, and dealing much with the search for a mathematical formula to express the co-efficient of excitability of nerve and muscle, have perhaps tended to discourage clinical workers from taking up the subject for practical use. It was a paper by Professor Cluzet, in the Paris Medical of April, 1912, which awakened in me a lively interest in the possibilities of practical condenser testing. In that paper a form of testing apparatus for clinical use is figured, the general effect of condensers of different capacities upon damaged muscles is stated, and the essential principles of the method of practical clinical testing are described. In what I have given you Electro-Therapeutical Section to-day I have tried to expand that subject, to amplify some of the details, to select definite values for the condensers used, and to contribute some results of my own experience, in the hope of calling the attention of workers in this country to an important new development.
There is much work to be done in the way of testing muscles by both methods, the old and the new, in order to compare them together. This has hardly been begun yet, but I have already seen enough to convince me that the use of condensers in testing will yield much new knowledge, valuable both for diagnosis and prognosis, and will entirely supersede the old method of electrical testing. It will also probably bring out some new points of diagnostic value which we do not as yet suspect, and quite possibly will show us some discrepancies from what we now regard as the settled order of muscular excitability in disease. It remains for us in this country to advance still further the progress which has already been made.
Other ways of using condensers for testing have been proposed, as, for instance, by varying the voltage, instead of the capacity; or by using two condensers, one large and one small, and observing the effect of introducing resistances. But to my mind none of these are so simple as the method I have laid before you of varying the capacity in a regular series, while maintaining everything else uniform.
Those who are interested in pursuing these methods further may consult the numerous papers of Zanietowski, and should also see a paper by Doumer in the Annales d'Electrobiologie for April, 1911. RESULTS OBTAINED BY TESTING BY MEANS OF CONDENSER DIS-CHARGES, AND THEIR COMPARISON WITH THOSE OBTAINED BY THE OLDER METHOD. Dr. E. P. CUMBERBATCH demonstrated on the epidiascope charts of testings of patients. The first table showed the results obtained from a test made both by means of condenser discharges and by currents from coil and cells. The test was made upon certain muscles of a patient suffering probably from progressive muscular atrophy. Some of the muscles, when tested by the older method, gave normnal reactions; others gave a partial R.D.; others a complete R.D. But when the same muscles were tested by discharges from condensers of varying capacity, it was possible to place a number against each muscle, as seen in the table, representing the capacity of the smallest condenser to the discharge of which the muscle would contract. The muscles contracting to the 57 58 Jones: Use of Condenser Discharges in Electrical Testing larger capacity condensers gave a complete R.D. reaction; those contracting to the smaller capacity condensers gave a normal reaction. But it was on the remaining muscles that the condenser method gave the most helpful information. These muscles responded to coil currents, but with currents from cells it was often a matter of personal judgment whether the respt)nse was sluggish or not. These muscles responded to discharges from different condensers which were all of mliedium capacity. The second table shows the result obtained fromn a test i-ade upon some of the leg muscles of a patient who was suffering from the results of anterior poliomyelitis. In the first part of the table is recorded the results obtained when testing by the older method. When tested by condensers charged to 100 volts (as in the preceding case) it was found that none of the muscles of the left leg would respond even when the largest capacity condenser was used. Evidently these muscles were so torpid as to require a discharge still slower than that which the largest capacity condenser could give. By introducing resistances, successively increasing in amount, into the discharging circuit, and charging the condensers to 200 volts instead of 100, volts, it was found that some of these torpid muscles would respond until, with 5,000 ohms in the circuit, all responded. 
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Electro-Therapeuttical Section
DISCUSSION.
Dr. R. S. WOODS (London Hospital) said that Dr. Lewis Jones had given him the opportunity of using the condenser method in the case of some of his (Dr. Woods's) patients. He had used the method of condenser testing only with Dr. Lewis Jones, but from what he had seen of it he realized that it would revolutionize muscle testing. It seemed that it not only made more definite the line between normal and abnormal muscle, but enabled one to divide up the muscles which formerly were classed as abnormal into a graded series, from those verging on to the normal to those in which, with even large condenser discharges, no response at all was obtained.
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Dr. FRED. BAILEY (Brighton) said that, seventeen months ago, he severed his own left ulnar nerve. It was sutured at once and healing was satisfactory; since the operation recovery had taken place in the usual ordinary sequence, faradic response returned in the intrinsic muscles of the hand eleven months after operation. Four months later, fifteen months after suture, there was but slight difference to be discovered, as to faradic response, in the left hand intrinsic muscles as compared with the right. However, when tested by Dr. Lewis Jones with his condenser apparatus, while the sound hand intrinsics responded to the smallest condenser discharge (i.e., with the switch on No. 1 stud, about 0'01 micro-farad), the affected hand intrinsics did not respond lower than No. 6 stud (? about O'1 micro-farad). One month later the same muscles responded with the switch on No. 4, showing a definite improvement in one month which could not otherwise have been demonstrated. He obtained a similar apparatus from Mr. Miller and had satisfied himself that the method had a considerable future before it, both because it showed these delicate differences in muscle response and also because it was painless.
The PRESIDENT (Dr. Reginald Mforton) said it afforded him great pleasure to offer Dr. Lewis Jones his congratulations on the work he had done in connexion with this important subject. The question of testing muscles by means of condenser discharges had been "in the air" for a long time; he believed he heard of it as soon as he took up electrical testing. But it was then so hedged about with logarithms and other difficulties that it was apt to frighten a non-mathematical person. Until he had a conversation on the matter with Dr. Lewis Jones recently, he had only a vague idea as to how it could be used. The greatest credit was due to Dr. Lewis Jones for the simple and practical way in which he had developed this matter. It was thus now a practical method, quite simple and comprehensible to clinicians. He foresaw that the time was at hand when one's ideas as to degeneration of muscle must be readjusted. They had been dissatisfied in the past with their three stages -normal, partial R.D., complete R.D.-and instead of this coarse division it would now be possible to separate out muscle responses more exactly, and perhaps even to number them 1, 2, 3, &c. He had often felt dissatisfied when sending in reports with the mere statement that certain muscles showed more or less R.D. It seemed to him crude, and detracted much from the pleasure and interest of electrical testing. What had specially appealed to him was the author's method of lengthening the wave. In conversation, Dr. Lewis Jones had just given him a rough but simple method of keeping in one's mind what constituted a normal and a partial degeneration. It was that one could call response to hundreds of a micro-farad normal; to tenths of a micro-farad partial, and to micro-farads only, complete degeneration. That was a convenient guide to bear in mind. He proposed that the Section accord its hearty thanks to Dr. Lewis Jones.
Dr. LEWIS JONES, in reply, thanked the members of the Section for their appreciation of his efforts to explain the subject of condenser testing. He was
